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RESFARCH MEMORANTUM

FORCE AND LONGITUDINAL CONTROL CHARACTERISTICS OF A 1/16-SCALE
MODEL OF THE BELL XS-1 TRANSONIC RESEARCH
AIRPLANE AT HIGH MACH NUMEERS
By Axel T. Mattson

SUMMARY

Thie report contains a part of the rasulte obtained to determine
the effects of cumpressibility at high Mach numbers on a 1/16-scale
model of the Bell XS-1 transonic research airplane.

Although these resulto do not present completely the force
and longitudinal conirol characteristice of the mcdel, general trenda
are 1lluatratad which can at least be gualitatively analyzed for
level-flight Mach numberc up to 0.93.

£ large increase in drag coefficisnt occurs beyond a Mach number
of 0.78. At a 1ift coefricient of 0.l and a Mach number of 0.9,
the dreg coefficlent has increased to approximately three times the
subcritical valus. At a Mach number of approximately 0.825, an
initial l1ift force break occure. Thie force break, up to a Mach
number of approximately G.875, is not severs, although elevator-control
effectiveness is decreasing. At a Mach numbsr of 0.9, however, the
airplane, because of an indicated diving tendency with loss and
revarsal in elevator control, will require the use of the ctabilizer
as a trim control., Control by the use of the stabllizer is effective,
at lesast up to a Mach number of 0,93, the limit for theas teats.
These results, as have the wing-fiow test results, have indicated that
although an airplane of a similar configuration can be controlled in
level flight at trensonic apeed with the use of the stabilizer, a
rapid and accurate manipulation of the stabilizer may be required at
Mach mumbers of approximately 0.90.

LY

IRTROIXICTION

At the request of the Air Materiel«Command, Army Air Forces, teste
were conduoted in the Langley 8-foot high-speed tunnel for the purposs
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of investigating the performance, stablility, end control characteristics
of the Bell XS-1 transonic research airplane. This alrplane is
designed to fly through the transonic region to obtain flight research
information.

In order to aid in performance predictions, 1ift and dreg polars
wore obtained for the basic model configurstion without the eimulation
of rocket power. The inveestigation included stabilizer and elevator-
effectivene:;s tests; however, becauze of incomplete tare evalvation,
tge pitg!oxina-mmnt dats ave prevented for angles of ettack of only
0° and 6Y.

This report presents data which are corrected for tares. Other
data; which are not presented but which have been obtained, require
additionel tumnel testing to evaluate the taree, By the use of the
data in this report, trends in 1ift and drag forces ani longitudinal
control characteristics are indicated which may be of interest in
connection with fiight testing.

SYMBOLS

The symbols used in this report and thelr definitions ave as
follows:

v fres-stream velecity, feet per second
-] freo-stream density, slugs per cubic foot

dynamic pressure, pounds per square foot @pva)

velocity of sound, feet per second (49.0 VF, T in °F absolute)

Mach mmber(%)

11ft, pounds
drag, pounds

pitching moment, ebout conter of gravity (25 perceat.¥), foot-
pounds

wing arsa, 0.508 square foot
mean serodynemic chord, 3.607 inches, 0.3006 foot

.o
o wmaairewin t
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c'c.g. b Eﬁ

e angle of attack measured with respect to fuselage center line,
degrees

angle of incidence of the borizomtal tall with respect to
fusslage center lins, degrees

elevator angle with reapect to horizontal tall chord linme,
dagreeu

ATRPLANE AND APPARATUS

The Bell XS5--1 18 a research airplane designed for extreme
variations in speed, wing loading, aad altitude. The airplane employs
8 recket motor and 1s equipped with an adjustable power—driven
stuni lizer.

For this investigation the Bell Aircraft Corporation eupplied
& 1/16-3cele, all-matal, solid-construction model, which consisted of
a wing, fuselage, and empsnnage. The modsl stabilizer could be set
for incidences of 36°, +3°, and 0°. There were no gaps between the
stabilizer and elevators. The three-view drawing (fig. 1) shows the
principsl dimensions of the model as tested in the Langley B-foct
high-speed tunnel. The physical characteristica of the XS-1 research
airplane are given in table I.

The langley 8-foot high-spsed tumnel, in which ihis investigation
was conducted, 13 a single-return closed—-throat type capable of
obtaining — turmel empty - a Mach nwuber of unity in the test sectiom.
The tunnel eir velocity is ccniinuously controllable. For thie
investigation, Mach numbers up to 0.93 were obtained by the use of &
sting-support eyetem.

Tunnel &ting-support system.~ In order to dispense with the

interference effects of conventional eupport struts at high Mach

~
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mmbere and to permit model testing at a Mach mumber approaching unity,
the model was mounted on & eting-support syetem, as ehown in figure 2.
The eyetem 1e charactsrized by a support extending from the rear of
the fuselage to a shielded strut, wvhich is connected to the tunnel
balance syetem, A tunnel-vall liner wae installed in the teet section
to produce & higher velocity at the mcdel than at the strut and thus
prevent the maximum Mach number from being limited by choking at the
etrut. Figure 3 ehows the eting-support system, liner, and tare setup
in the Langley 8-foot high-speed-tunnel teet section,

Tare setup and evaluation.— Auxiliary amms to eupport the model
as shown in figure 3 were used to determine the tare values of tke
support system and interference effects, The supports in the region
of the model were 6-percent-thick airfolls ewept back 30° to minimire
interference effectsy and delay effects due to compreeeibility for the
teat Mach nunber range. The remainingz varte of the tare supporte vere
thin platee extending back and comnectod to the support etrut,

The tare setupe and the method by which all the data preeented
in thie report have been corrected are iliustrated in figure 4., Guy
wires from the wing tipe were used on all tare runs =J that this
system would be rigid when no sting wus used. Two model iLar:s con-
figurations are required to evaluate the tare forces., For the tore
configuration without the cting, the sting vas replaced by a emall
fuselage fairiug (See fig, 2.) This fairing was relatively blunt
becouse of the geometry of the fuselage contours, and also, it vas
felt tnot a longer fuselage fairing would change the basic pitching-
moment characteristice of the fueelage. The aeeumptions included in
the tare evaluation are that the interforence effects of amms on
sting and eting on amms are negligible.

TESTS AND MEASUREMENTS
Test Conditions

These tests were run through a Mach number renge fros 0.4 to
spproximately 0.945. The ol Reynolds ber ranged for these tests
fros spproximately 1.03 x 100 to 1,18 x 100 and waa based on & model
;ean serodynsmic chord of 3,607 inches.

Measurements

The force measuremente are preeented as standard NACA non—
dimensional coefficients. Theee coefficients are based on a model
wing area of 0.508 square fost. The pitching mcments ars taken

W, L
TE SRR el # -
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about a center-of-gravity position (0.25 ©) indicated in figure 1,
which also gives ths principal dimensions of the model as tested in
the langloy 8-foot high-speed tunmel, Each model configuration was
tested through an angle-of-attack range including -4°, -2°, (%, 2°, 49,
6°, and 8° for Mach numbers of O.k, 0.6, 0.7, 0.725, 0.75, 0.775,

0.8, 0,825, 0.85, 0.875, 0.9, and limited to approximately 0.945,

The modsl configuraticar teanted are a3 follows:

(a) Camplete model less horizontal tail

{v) Complete model; 1t = 0°, 8, » —g©
1t = 0°, B = -€°
ig = 0%, B = ~3°
14 = 09, B4 = O°
it = 0", be = 3°
14 = 00, By = £°

(o) Complete model; iy = —6°, bg = O°
1y = =3%, By = O°
iy = 39, 8, = O°

ig = 60, 5, = O°
CORRECTIORS

Becauss of the relatively small model redquired for testing at
high Mach mmbers, wind-tunnel corrections such.as model constriction
and wvake constriction are small up to the highest tset Mach numbsr
attained, An estimation of the tumnel correction, obtained by using
methods described in references 1, 2, 3, and 4, indicatss that the
corrections to the Mach number will be approximately 1.5 percent at
& tunnel Mach number of 0,9 for the highest 1ift coetfficients attained.
Corrections in dynamic pressure will be of the same order of magnituds.
The lift vortex interference corgection is spall, being & change in
angle of attack of less than 0.1 at the highest Nf: coefflicient
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obtained. Becauss of the small magnitude of the corrections, they
have not been applied to the date presented here,

- ‘Tunnel-wall pressurs measurements showed that tho flow in the
test section was free of interfersnce from tunnel choking effects
and from the field of flow of the support strut at the highest
Much numbers for which data are presented.

The model was accurately constructed, The model being of all-
metal construction remeined the same throughout the investigation.
Displacemsnt oi the model center of gravity relative to the trumnion
axis of ths tunnel due to air loads was continuously observed by
the use of a cathetometer, Corrections for model displacements have
dbeen epplied to the pitching moments. The angle of attack of the
model was also checked by the use of “ho cathetomster; for the
maxluum loads obtained the change in cusle of attack due to deflection
of the modei wea of the order of 0.2 of a degree. In the angle-of—
attack range frem O° to 4°, the defleotions are considered negligible.

RESULTS AND DISCUSSION

Force Characteriatica

Drag characteristics.~ Model drag coefficlents and angle of
sttack are presented in figure 5 as tunctions of 1lift coefficient
for Mach numbers from 0.6 to 0.90. Model drag coefficlents as
functions of Mach number for 1ift coefficients of 0.1 and 0.40 are
presented in figure 6. At a Mach number of 0.6 the model drag
coefficient is 0.0265 for a lift coefficient of O.1. With increasing
Maéh number a gradual decrease in drag coefficient occurs up to a
Mach npumber of 0.775. This drag coefficient (that ls, Cp = 0.0265;
M = 0.6) and the subcritical drag-cosfficient variation may be the
reault of the lov Reynclds numbor for these tests. These dreg reaunlis
are obtained tor e model with a blunt tail failring and do not
represent & Jot configuration. At a Mach number of 0.78 for a lift
coefficient of 0.1 a drag force break accompaniod by a rapid incresse
in draz coefficient occurs. At & Mach number of 0,50 the drag
coefficient has increaszed to approximately 0.071, about three times
the subcritical value.

Lift_charagteristics.— The variation of model 1ift coefficient
for constant angles of attack is presented against Mach number in
figure 7. At an sngle of attack of 0° the lift force break ocours
at a Mach number of 0.80. For this condition the model 11ft
coefficient is 0,30, With increase of Mach number to 0,875 the lift

. .
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cosfficient decreases rapidly to approximately 0,025, With e
further increase in Mach number to 0.925 the lift coefficient
increaces to & value of 0.2. Thie irncrease in lift coefficicnt at
high supercriticel Mach numbere, although subject to more fundamental .
investigation, is believed to be mainly the result of the rearward
movement of the ehock disturbance on the upper surface of the wing.
The formation of shock on the lower surface of the wing at low 1lift
coefficients will tend to retard this rather rapid lift-coefficlent
increase. Bowever, at the higher 11ft coeificiente or an angle of
attack of approximately 8°, the high~speed 1ift coefficient is well
above the low-apeed value,

Pitching-moment characteriutics.~ Flgure 7 alec presents the
variation of thc model pitching-moment coefficient with Mach number
for angles of attack of 0° and 6°, Unfortunately, pitching-moment
coefficlents for all the angles of attack camnnot be preaented, as
additional testing is required., Howaver, for an zngle of attack
of 0° the model pitching-mement—coefficient variation with Mach
number is not severe until a Mach number of 0.875 is attained. With
further increase in Mach number to 0.93 & rapld increase in diving
moment occurs. Although the pitching-moment coeflicients are not
available for other angles of attack, those resulte, at least
qualitatively, indicate that above a wach number of 0.875 the airplane
vill encounter atability and trim changss, It ehould be noted here
that thsee changes in longitudinal-force characteristics occur with

- relatively small increases in Mach number, and control in this
trancundc region may require rapid manipulation of the contrcl system.

Control characteristics.~ The variation of model pitching-moment
coefficient with Mach number for various elevator deflections is
precented in figure 8§ for a stabilizer angle of 0°. The model
pitching-mcment coefficlents against Mach number are presented in
figure 9 for an elevator deflection of G7 and various stabllizer
anglea. The reaults for the model without the horizontal teil are
also presentad. These reszults are presented for only zero angle of
attack, From these figures,increments in pltching mcments produced
by etubilizer and slevator control are obtained by taking the
difference in pitching moments between the no~det'loction tail con-
figuration (14 = 0%, By = 0°) and the stabillzer and elovator—
deflection configuraticna. Thease incremental pitching-moment
variations with Mach number are presented in figures 10 and 1l.
These figures illustrate ihe ability of the stabilizer and elevator
to produce longitudinal control.

For a Mach number range from 0.4 to approximately 0.82, figure 10
indicatea that satisfactoxy control characteristics can be obtained
for elevator deflections of +3°, However, with increase in the
elevator deflections to 6° and 9°, control effectivenssa decreased

CONFIDENTIAL
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the Mach mmbder range fram O.4 tc 0,82, From a Mach mumber
of 0,82 to a Mach mumber of 0.92% a large descrease in elevator
offsctiveness occurs. For exampls, at a Mach number of 0.9 the
slevator as s control in deflecting frem —3° to 3° 1s 45 percent as
offective in producing changes in longitudinal pitching mements as it
vas at & Mach number of O.k. It is also indicated that at a Mach
mmber of 0,925 and at larger deflections a reversal in elevator—
control effectiveness occurs.

At a Mach number of 0,9 tho stabilizer-control effectivencas
(fig. 11) hae decreased to approximately 33 percent of ite value at
8 Mach mmber of C.4 for a range of angle of incidence froem -3° to 3°.
Hovever, there is no indication (as there was with the elevator) that
reversal of control effectivensese will be obtained up to stabilizer
incidence angles of 69,

Comparicon of Reeults with Wing-Flow Investigation

‘A comparieon of the resulte preeented horein with the results
obtained on a eimllar model configuration by the wing-flow mesthod
(reference 5) subetentiates the gemeral tremds due tc compressibility
effects, Some quantitetive differences in the comparieon can be
expacted because of the following reasons: :

{2) Reynoclds number
(b). Model configuration
{e¢) Teating techniques

The Reynolde mumber for the wing-flow tests ranged from 0,32 X .1.06

a8t a Mach mumber of 0.6 to 0.52 X 106 at a Mach mumber of 0.9 8e
comparsd with 1.03 x 106 and 1.18 x 106 for the langley 8-foot high-
gpeed-turmel tests. The wing-flow model, although having a fuselage
similar to that of the present investigation, bad a reistively larger
wing and tall and also a center-of-gravity lccation at 27 percent of
the mean asrodynamic chord as compared with 25 perceat for the Langley
8-foot high-speed—tunnel model. The wing-flow teste were of a
partial-spon model whereas the present investigation was of a complete
model configuraticn,

General lift characteristic:;.— The 1lift characteristics in the
form of lift~curve ulope and angle of zesro 1ift aro presentad in
figure 12 against Mach number. The changes in lift—curve slope for
the two model configurations occcur at approximately the same Mach
number. For uxample, iLhe Langley 8-foot high-cpesed-tunnel results
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shov tbat an initial decrease in lift~curve slope occurs at a Mach
number oY 0.78; simlilarly, a decrease in lift-curve slope occurs at

a Mach mumber of 0.76 for the wing-flow resulte. The lift—curve slope
continuse to decrease to a Mach number of 0.58 for the lLangley 8-foot
high-cpeed—-tunnel investigation and to a Mach number of 0.92 for the
wing-flow investigation. Abovs these Mach numbers, an increass in
1litt-curve slope occurs; the langley 8-foot high-speed-tumnel results,
bowever, indicate a sharper increase,

The variations of angle of zero 1ift with Mach nunber obtained
from both inveatigations ehow excellent agresment, zsee fig. 12.)
At approximately a Mach number of 0.825, a decrease (in absolute
value) in angle for zero 1ift ococurs up to approximately a Mach
number of 0.89; then the angle for zero 11ft increases with a further
increase in Mach number until, as indicated by the wing-flow results,
a Mach number of 0,95 i3 reached. '

Coptroi-aurface characteristics.~ A more practical consideration
ie the variation of control-surface deflections required for trim
with Mach number., The veriations of stabilizer and slsvator angles
with Mach numbor for trim at constent angles of attack are presented
in figure 13. Both investigations indicate that at Mach numbers
from .85 t> 0,93 abrupt changes cccur in etabllizer and elevator
angles required for trim. These trim changee may necessitate a rapid
manipulation of the control surface as was previcusly mentioned in
the diuvcussion of piltching-moment characteristics. The present
inveatigation also shows that the model can be trimmed at two elevator
deflections as a result of reversal of elevator effectiveness,

CONCLUDING REMARES

Although these resulte do not prosent campletely the force and
longitudinal control characteriLtics of the model, general trende are
illustrated which can at least be qualitatively analyzed for level-
flight Mach numbers up to 0.93. A large increase in drag coefficlent
occurs beyond a Mach number of 0.,78. At a lift coefficient of 0.1 aml
and a Mech pumber of 0.9, the drag coefficlent has increased to
approximately three timeos the subcritical velue. At a Mach number of
approximately 0.825 an initlal 1ift force break occurs. This force
break, up to a Mach number of approximately 0.875, is not severe
although olevator-control effectivensss 1s decreasing. At o Mach nunber
of 0.9, however, the alrplane, because of an indicated diving tendcney
with loss and reveraal in elevatur contrel, will require the use of
the stabilizer az a trim controi. Control by the use of the stabilizer

CONFIDERTIAL

E
LIO0 L RN T
'I". ___“‘..- : L

e "ot el bl e, Ny .
.
ko T WP

R P

e




10 NACA RM No. LTAO3

is effective at least up to a Mach nmumber of 0.93, the limit for

theps tests. These results, as have the wing-flow-test results,

have indicated that, although &n airplane of similer configuration
can Yo controlled in levsl flight at transonic speeds with the use

of the stabilizer, a rapid and accurate manipulation of the stabilizer
may be required at Mach numbers of avproximately 0.90,

Langley Memorial Aeronautical Laboratory
Nationel Advisory Cormittes for Aeronautics
Langley Fisld, Va.
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TABLE 1.~ PHYSICAL CHARACTERISTICS OF TEE

BELL XS—1 TRARSONIC RESEANCE AIRPLANE

Powerx:
Four rocket unite esach capebdle of delivering 1500 pounds thiust,
grouped 1o rear of fuselage.

Wing loading:
Take—olf, Ib/Bp ft s o s o 0o s 0 8 o 8O 103
Landing, Ib/ﬂq fte s o o 0 ¢ 0 o * ¢ ] 40

Center—of—gravity posltlon, percent M.ACoo 25

Wing:
Area, 99 fte + » o 0 0 o
Spun,ft---.--..-- . 28
Mean aerodynamlc chord, in
Aepectratio. o 8 0 0 2 8
Root end tip sectlomBe s = « ¢
Tnoidence (root chord to thrust 1ine)
Incldence (tip cherd to thrust lipe), des.

Rorizontal tail:
Total ares, 89 Tte o o o v o ¢
Span,ft..-.... . .
MW‘!‘*J.O----' . .

Root~moan-square chord of elsvator, ft
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Balance Ring Measures

Nodel force
Sting force

Interference of sting on model
Interference of modsl on sting

Model force

Sting force

Tare-arm force

Guy-wire force

Interference of model on arme
Interference of sting on model
Interference of model on sting
Interference of arms on model

Model force

Tare-arm force

Quy-wire force

Interference of model on arms
Interference of arms on model

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Tare Run A - Tare Run B Sting force

Interference of sting on model
Interference of model on sting

Normal Run - (A - B) Model force

Tigure 4.- Tare setups and evaluation technique,
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